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P U R I  F I C.AT1 ON 0 F Tt 1E GONAIlOTI<OP 1 N - RELEASING IiORMONF -LIE GRAD I NG 
ENZYME BY AFFINIT) CHROELATOGR4PHl~ 
1’. Koch and T .  Baram 
Department o f  Hormone Research 
E .  !lazum and 51. F r i d k i n  
Department o f  Organ ic  Chemistry 
The IPeizinann I n s t i t u t e  o f  S c i e n c e ,  Rehovot ,  I s r a e l  
ABSTRACT 
;I c rude  p r e p a r a t i o n  o f  K a l l i h r e i n  i n a c t i v a t o r ,  which i n h i b i t s  
t h e  gonado t rop in -  re l e a s i n g  hormone (GnF31) - d e g r a d i n g  enzyme (5 )  from 
r a t  h!.pothalamus and a n t e r i o r  p i t u i t a r y ,  was f r a c t i o n a t e d  by p a s -  
s a g e  t h r o u g h  an ion-exchange column. The e n z y m e - i n h i b i t i n g  f r a c -  
t i o n  t ias coup led  t o  Sepha rose  and t h e  r e s i n  o b t a i n e d  was used  f o r ,  
aff ini ty-chromatograph! .  p u r i f i c a t i o n  o f  t h e  GnRI1-degrading enzyme. 
The en:>’rne from c rude  t i s s u e  p r e 2 a r a t i o n s  was r e t a i n e d  on t h i s  c o l -  
umn and  e l u t e d  by  0 .05  E.1 phospha te  b u f f e r .  A 9-12 f o l d  i n c r e a s e  i n  
t h e  s p e c i f i c  a c t i v i t y  o f  t h e  enzyme was a c h i e v e d .  
B a c i t r a c i n ,  an e f f e c t i v e  p e p t i d e  i n h i b i t o r  o f  t h e  d e g r a d a t i o n  
o f  GnKH, was a l s o  coupled t o  Sepha rose .  Three  d i f f e r e n t  such Se -  
p h a r o s e - b a c i t r a c i n  c o n j u g a t e s  were s y n t h e s i z e d ,  two o f  which i n h i -  
b i t e d  t h e  d e g r a d a t i o n  o f  GnRH by hypo tha lamic  and p i t u i t a r y  ex- 
t r a c t s .  They a l l  f a i l e d ,  however , to  s e p a r a t e  t h e  a c t i v e  enzymic 
f r a c t i o n  from t h e  bu lk  o f  accompanying p r o t e i n s ,  u s i n g  a f f i n i t y  
ch romatograph ic  t e c h n i q u e s .  
INTRODUCTION 
P e p t i d a s e s  c a p a b l e  o f  d e g r a d i n g  t h e  d e c a p e p t i d e  GnKH have 
been found i n  t h e  hypothalamus ( 1 , 2 )  and a n t e r i o r  p i t u i t a r , y  (1) o f  
t h e  r a t .  
o l o g i c a l  l e v e l s  o f  GnRH. S i n c e  GnW, a d e c a p e p t i d e  s e c r e t e d  by 
t h e  hypothalamus,  i s  r e s p o n s i b l e  f o r  t h e  release of g o n a d o t r o p i c  
These enzymes may p l a y  a r o l e  i n  d e t e r m i n i n g  t h e  p h y s i -  
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P a r t i a l  p u r i f i c a t i o n  o f  K a l l i k r e i n  i n a c t i v a t o r .  T r a s y l o l  
(SK/TI/l) was a p p l i e d  t o  a 30 x 4 cm Bio Rex-70 i o n  exchange 
column, and e l u t e d  w i t h  phospha te  b u f f e r  ( 0 . 4  M ;  pll 6 . 8 ) ;  f low 
r a t e  2 nil/min ; f r a c t i o n s  o f  7 m l  were c o l l e c t e d .  Shaded a r e a  
r e p r e s e n t s  a c t i v i t y  i n  i n h i b i t i n g  GnRH d e g r a d a t i o n .  S o l i d  l i n e  
d e n o t e s  abso rbance  a t  280 nm. 
i n h i b i t o r y )  f r a c t i o n  ( f r a c .  10)  h a v i n g  low abso rbance  a t  280 nm, 
and t h e  bulk o f  T r a s y l o l - p r o t e i n  ( f r a c .  12 -15) .  
Enzyme P r e p a r a t i o n .  A n t e r i o r  p i t u i t a r i e s  and m e d i a l - b a s a l -  
hypo tha lamic  f r a g m e n t s ,  o f  W i s t a r - d e r i v e d  r a t s ,  were used .  Iiomo- 
g e n i z a t i o n  o f  t h e  t i s s u e s  i n  20  volumes o f  d o u b l e - d i s t i l l e d  water 
was fo l lowed  by c e n t r i f u g a t i o n  a t  150,000 x g f o r  30 min and t h e  
r e s u l t i n g  s u p e r n a t a n t  was a p p l i e d  t o  a f f i n i t y - c h r o m a t o g r a p h y  
columns. 
Kal l i k r e  in- I n a c t i v a t o r  Sepha rose  Con j u g a t e  
I .  
o f  Enzyme(s) .,The e n z y m e - i n h i b i t i n g  f r a c t i o n  o f  T r a s y o l  ( f r a c t i o n  
P r e p a r a t i o n  and A p p l i c a t i o n  t o  t h e  Af f in i ty -Chromatography  
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10; r e s u l t i n g  from two s e p a r a t e  e l u t i o n s ,  each conta in ing  about 
5 mg p r o t e i n )  was concent ra ted  t o  3.5 ml by u l t r a f i l t r a t i o n  (UM05 
membrane, Amicon), mixed with 3.0 ml of  0:lN N a H C 0 3  and coupled 
t o  Sepharose 4 B  (1.5 ml) by t h e  C N B r  procedure ( 4 ) .  About 75% of  
t h e  p r o t e i n  added was bound t o  t h e  Sepharose, a s  determined from 
t h e  absorbance a t  280 nm o f  f i l t r a t e  and washings o f  t h e  i n s o l u b l e  
conjugate .  Control  r e s i n s  were prepared by a similar coupl ing of  
myosin o r  o f  an i n a c t i v e  ( i . e . ,  which does n o t  i n h i b i t  GnRH de- 
grada t ion)  Trasy lo l  p r e p a r a t i o n  (GOS 746/31). The enzymic prepa-  
r a t i o n s  were a p p l i e d  t o  t h e  columns and e l u t e d  with a d iscont inu-  
ous g r a d i e n t  o f  phosphate b u f f e r  (pH 6 . 8 ) .  
11. Assay of  GnRH-Degrading Enzyme A c t i v i t y .  The enzyme was de- 
t e c t e d  by i t s  a b i l i t y  t o  a b o l i s h  immunoreaction between 12’I-GnRH 
and ant i -serum t o  GnRH (5);  i . e . ,  a f t e r  incubat ion  o f  1251-GnRH 
with enzyme-containing f r a c t i o n s ,  t h e  amount o f  p e p t i d e  found t o  
be bound by anti-GnRH was reduced. 
111. Q u a n t i t a t i v e  Analysis  o f  Enzyme P u r i f i c a t i o n .  This  was 
achieved by exposing GnRH (200 ng) t o  s e v e r a l  d i l u t i o n s  o f  p u r i -  
f i e d  and u n p u r i f i e d  enzyme-preparations. The e x t e n t  o f  degrada- 
t i o n  w a s  a s s e s s e d  as p r e v i o u s l y  descr ibed  (1). GnRH degrading 
a c t i v i t y ,  supplemented by Lowry-determination o f  p r o t e i n  conten t  
( 6 ) ,  provided t h e  s p e c i f i c  a c t i v i t y  o f  enzyme-containing f r a c t i o n s  
b e f o r e  and a f t e r  chromatography. 
Baci t racin-Sepharose Conjugates 
I .  P r e p a r a t i o n .  (A) B a c i t r a c i n  was l inked  t o  cyanogen-bromide- 
a c t i v a t e d  Sepharose 4 B ,  e s s e n t i a l I y  by t h e  same procedure u s e d f o r  
b inding  t h e  K a l l i k r e i n  i n a c t i v a t o r .  About 30 m o l e  of p e p t i d e  was 
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bound t : nil of resin ai d e t e r m i n e d  1 ) ~ -  !i icosuring t h e  abso rbance  
o f  t h e  r’cciztion solution a t  2 b 5  nin h e f o r e  a n d  after i -oup l ing .  
(B) ~ ~ - \ i t r o b e n : : ; i l ~ . i d o e t h ~ ~ l e r i e d i a i n i n e  [p-NO C H CO-SH(CH J hH ] 
\Gas a t t a ~ l i e d  t o  c ~ ~ a i i o g e ~ i - b i ~ o r n i d e - a c t i ~ ~ a t e d  Sepharose J B  t o  !.LC Id 
p-n i t roheni~imidoeth! , l - ’ ;ep t ia rose .  The a r o m a t i c  n i t r o  g roups  were 
2 6 3  2 2 2 
t h e n  r e d w e d  wi th  sodium d i t h i o n i t e  ( 7 )  t o  a f f o r d  t h e  c o r r e s p o n t i -  
i n g  ai:iinL: groiips i ch ich  were f u r t h e r  d i a z o t i z e d  i i i t h  NaS(1, and coi l -  
p l e d  i s i t k t  h a c i t r n c i n  f - i .  S p e c t r o s c o p i c  a n a l y s e s  f 2 b 5  nmj of  f i l -  
t r a t e  and \ iashlng:;  i n d i c a t t , d  t h e  b i n d i n g  o f  abou t  25 ‘mole p e p t i d e  
p e r  ml ct‘ resin. 
(C) - \iiiino-n -c:aproyl - I , -4 ’ -~02-phen) l a l an ine  [H H (CH,) (‘0- 2 - 5 ’  
Nfl -CI I (CI I ,C  I 1  K O ? - p )  - C O O l I ]  i i as  a t t a c h e d  t o  Sepharosc 3B,  r e d u c e d ,  
- 6 3  I 
d i a i o t  i r e d  and coup led  i i i t h  b a c i t r a c i n  e x a c t l y  as  d e s c r i b e d  ab0x.e 
f o r  t h e  ;>reparation o f  c o n j u g a t e  [ B )  . S i m i l a r  b i n d i n g  ( ~ 2 5 1 ~  m o l e / m l )  
was a t t , i : n e d .  
11 .  -Af f in i ty -ch romatography .  I s o l a t i o n  o f  hypo tha lamic  and an -  
t e r i o r  p i t u i t a r y  d e g r a d i n g  enzymes was a t t e m p t e d  on columns packed  
w i t h  b a c i t r a c i n - S e p h a r o s e  c o n j u g a t e s  .A, B and C, u s i n g  t h e  c o n d i -  
t i o n s  d e s c r i b e d  i n  F i g .  2 f o r  t h e  Kallikrein-inactii.ator-Sepha- 
r o s e  c o n j u g a t e .  A ha tchKise  i s o l a t i o n  p r o c e d u r e  was a t t e m p t e d ,  as 
w e l l .  
111. I n h i b i t i o n  o f  GnRH-Degradation. T h e  t e s t e d  b a c i t r a c i n - S e p h a -  
r o s e  c o n j u g a t e  ( 1  m l )  was suspended  i n  p h o s p h a t e  b u f f e r e d  s a l i n e  
(PBS), pH 7 . 6  (5 ml) and  t h e  m i x t u r e  m i l d l y  a g i t a t e d  a t  37’ f o r  
30 min. The r e s i n  was f i l t e r e d ,  washed w i t h  PBS and r e suspended  
i n  PBS ( 3  m l ) .  To a l i q u o t s  t a k e n  from t h i s  h e t e r o g e n e o u s  m i x t u r e  
252 KOCH ET AL. 
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FIGUKE 2 
Elut ion  p a t t e r n s  o f  GnRH-degrading enzyme p r e p a r a t i o n s  on 
a f f i n i t y  and c o n t r o l  columns. 
75 x 5 mm columns and e l u t e d  with a d i scont inuous  g r a d i e n t  o f  
phosphate b u f f e r  (0 .001-0 .5  M ;  pH 6 . 8 ) ;  flow r a t e  0 . 2 5  ml/min; 
f r a c t i o n s  o f  1 m l  were c o l l e c t e d .  (o----o) absorbance and degra-  
d i n g - a c t i v i t y  o f  a f f i n i t y  column e l u a t e ;  (0-0) absor-  
bance and d e g r a d i n g - a c t i v i t y  of  c o n t r o l  column e l u a t e .  
P r e p a r a t i o n s  were a p p l i e d  t o  
( 0 . 2  m l  each ,  c o n t a i n i n g  $1 pM o f  b a c i t r a c i n )  were added an enzyme 
p r e p a r a t i o n  (obta ined  from 3, 1 . 5  and 0 . 7 5  mg of  t h e  p i t u i t a r i e s  
o r  hypothalamic t i s s u e s )  and GnRH (500 n g ) .  
cubated f o r  30 min a t  37",  b o i l e d  f o r  10 min, and r e s i d u a l  GnRH 
determined by radioinmunoassay (5) .  Blank experiments  were s i m i -  
l a r l y  performed, bu t  i n  t h e  absence of  t h e  b a c i t r a c i n - c o n j u g a t e s .  
The mixtures  were i n -  
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KESIJLTS AND DISCUSSION 
S c r c e n i n g  o f  v a r i o u s  p r o t e i n a s e - i n h i b i t o r s  r e v e a l e d  t h a t  o f  
a l l  t h e  compounds t e s t e d  o n l y  c rude  p r e p a r a t i o n  o f  K a l l i k r e i n  In- 
a c t i v a t o r  (1 )  and t h e  c y c l i c  p e p t i d e  b a c i t r a c i n  ( 3 ;  k'. Koch e t  a l ,  
unpub l i shed)  i n h i b i t e d  t h e  d e g r a d a t i o n  o f  GnRH by a n t t r i o r  and 
hypothalamic enzymes. Passage  o f  a c rude  K .  I .  p r e p a r a t i o n  on 
ion-exchange columns r e s u l t e d  i n  t h e  p a r t i a l  s e p a r a t i o n  o f  t h e  
i n h i b i t o r  a c t i v i t y  from t h e  bu lk  o f  t h e  K . I .  p r o t e i n  ( F i g .  1 ) .  
The e n z J m e - i n h i h i t i n g  f r a c t i o n  ( f r a c .  10) was c o v a l e n t l y  a t t a c h e d  
t o  Sepha rose  heads  and t h e  r e s u l t i n g  c o n j u g a t e d  r e s i n  was used f o r  
a f f in i t ! .  chromatographic  p u r i f i c a t i o n  o f  t h e  GnRH-degrading en-  
zyme. i p p l i c a t i o n  o f  c rude  enzyme p r e p a r a t i o n s  t o  a f f i n i t y  c h r o -  
ma tograph ic  columns r e s u l t e d  i n  t h e  t a k i n g  up o f  enzyme a c t i v i t y  
by t h e  columns. The enzyme was e l u t e d  by 0 .05  M phospha te  b u f f e r .  
A p p l i c a t i o n  t o  c o n t r o l  columns r e s u l t e d  i n  t h e  emergence o f  ac- 
t i v i t y  i n  t h e  v o i d  volume, and no enzyme was e l u t e d  by a phosphate  
b u f f e r  g r a d i e n t  o f  0 .05 - 0.5 M ( F i g .  2 ) .  T h i s  o n e - s t e p  p u r i f i c a -  
t i o n  r e s u l t e d i n  a 9-12  f o l d  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  o f  t h e  
enzyme, w i th  a y i e l d  o f  abou t  40% (Tab le  I ) .  
B a c i t r a c i n  was a t t a c h e d  t o  Sepha rose  4B i n  t h r e e  d i f f e r e n t  
manners:  (A )  d i r e c t l y  th rough  i t s  amino groups u s i n g  t h e  cyanogen 
bromide a c t i v a t i o n  p r o c e d u r e ;  (B) t h rough  an e x t e n d i n g  "arm" by 
c o u p l i n g  o f  i t s  h i s t i d y l  r e s i d u e  t o  p-diazonium benzamidoethyl-  
Sepha rose ;  (C)  t h rough  an even more e l o n g a t e d  "arm" by c o u p l i n g  
h i s t i d y l  residue of t h e  p e p t i d e  w i t h  Sepharose-n-caproyl-L-p-dia- 
zonium p h e n y l a l a n i n e .  The t h r e e  p r e p a r a t i o n s  used i n  a columnwise 
254 
TABLE I 
KOCH ET AL. 
Q u a n t i t a t i v e  Analysis  of  Crude and P u r i f i e d  GnRH-Degrading Enzyme 
Enzyme Prepara t ion  A c t i v i t y  * P r o t e i n  Pur i  f i c a t  i on 
(wg/ml) ( f o l d )  
A n t e r i o r  p i t u i t a r y ,  crude 50 tO.9 340 
A n t e r i o r  p i t u i t a r y ,  
chromatograph ed 49 20.9 27.5 12.5 
Hypothalamus, crude 55 t 7 . 2  292 
Hypothalamus, chromatographed 45 22.8 2 7  9 
*Enzyme a c t i v i t y  i s  def ined  as t h e  percentage of GnRH (200 ng) 
degraded a f t e r  incubat ion  f o r  30 min a t  37" wi th  0 .2  m l  o f  
en zyme p r e p a r a t i o n .  
o r  batchwise manner, f a i l e d  t o  s e p a r a t e  t h e  a c t i v e  GnFN-degrading 
f r a c t i o n  from t h e  bulk of  accompanying p r o t e i n s .  
conjugates ,  however, could i n h i b i t  about 20% and 80% r e s p e c t i v e l y ,  
o f  GnRH degradat ion a s  compared t o  i n h i b i t i o n  caused by equal  
amounts o f  s o l u b l e  b a c i t r a c i n .  
longer  "arm" o r  by s e l e c t i n g  a d i f f e r e n t  i n s o l u b l e  suppor t ,  t h e  
b a c i t r a c i n - c o n j u g a t e s  may prove va luable  i n  t h e  a f f in i ty-chroma-  
tography o f  GnFW degrading enzymes, 
The l a t t e r  two 
I t  i s  p o s s i b l e  t h a t  by us ing  even 
ACKNOWLEDGEMENTS 
We a r e  g r a t e f u l  t o  Miss N.  Ben-Aroya f o r  exce :nt t echnica l  
a s s i s t a n c e ,  and t o  D r .  H . R .  Lindner f o r  h i s  i n t e r e s t  i n  t h i s  study. 
This  work was supported by g r a n t s  ( t o  H . R .  Lindner) from t h e  Ford 
Foundation and t h e  Populat ion Council I n c . ,  N . Y .  
PURIFICATION OF GnRH-DEGRADING ENZYME 255 
1.  
2 .  
3. 
4 .  
5.  
6 .  
7.  
REFERENCES 
Koch, Y . ,  Baram, T . ,  Chobsieng,  P .  and F r i d k i n ,  M .  Biochem. 
Biophys.  Res.  Commun., 61 :  9 5 ,  1974. -
Marks, N .  and S t e r n ,  F . ,  Biochem. Biophys.Res.  Commun., - 61:  
1458,  1974.  
IrlcKelvy, J . F . ,  LeBlanc, P . ,  Laudes,  C . ,  Pe r r i e ,  S .  Grinm- 
Jo rgensen ,  Y .  and Kordon, C . ,  Biochem. Biophys.  Res. Commun 
7’3: 507 ,  1976. - 
P o r a t h ,  J . ,  Axen, R .  and Ernback,  S., N a t u r e ,  215: 1491 ,  
1967. 
Koch, Y .  Wilchek,  b f . ,  F r i d k i n ,  M. Chobsieng,  P . ,  Zor, U .  
and L indne r ,  H . R . ,  Biochem. Biophys.  Res Commun., 55 :  616 ,  
1973. 
-
Lowry, O.H., Rosenbrough, N.J., Farr,  A . L .  and R a n d a l l ,  R . J . ,  
J .  B i o l .  Chem., 193; 381, 1951. 
C u a t r e c a s a s ,  P . ,  J .  B i o l .  Chem., 245: 3059, 1970. 
